Optimized communication in 5G-driven vehicular ad-hoc networks (VANETs) by Khan, Ammara Anjum
A Dissertation submitted in fulfilment of the
requirements for the Degree of Doctor of Philosophy
Optimized Communication in 5G-Driven 
Vehicular Ad-hoc Networks (VANETs)
Ammara Anjum khan
Faculty of Engineering and Information Technology (FEIT), 
School of Electrical and Data Engineering (SEDE), 







I, Ammara Anjum Khan, declare that this thesis titled, Optimized Communication
in 5G-Driven Vehicular Ad-hoc Networks (VANETs), is submitted in fulfilment of
the requirements for the award of doctor of philosophy, in the Faculty of Engineering
and Information Technology (FEIT), at the University of Technology Sydney.
I confirm that:
• This thesis is wholly my own work unless otherwise referenced or
acknowledged
• The work is done solely while in candidature for a research degree at this
University.
• All information sources and literature used are indicated in the thesis.
• This document has not been submitted/published for qualifications at any
other academic institution.
• This research is supported by the Australian Government Research Training
Program (RTP).
Signature of Student:
Date: October 14, 2019
i
Production Note:
Signature removed prior to publication.
Dedication
I would like to dedicate this work to my beloved mother (Najma Khan) and my
late beloved father (Salah Uddin Khan) whose dreams for me have resulted in this
achievement. I thank my mother with all my heart for all her prayers and un-




Declaration Of Authorship i
Dedication ii
List of Figures vii
List of Tables x
List of Algorithms xi
List of Abbreviations xii
List Of Abbreviations xiii
List of Parameters xiv




1.1 Thesis Statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.2 Objectives and Overview of Thesis . . . . . . . . . . . . . . . . . . . 5
1.3 Thesis Outline and Contributions . . . . . . . . . . . . . . . . . . . . 6
1.4 Related Publications . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2 Literature Review 11
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
iii
2.2 Vehicular Ad-hoc Networks (VANETs) . . . . . . . . . . . . . . . . . 12
2.2.1 Applications of VANETs . . . . . . . . . . . . . . . . . . . . . 13
2.2.2 Vehicular Communication (VC) . . . . . . . . . . . . . . . . . 13
2.2.3 Vehicular Communication Infrastructure VCI . . . . . . . . . 14
2.2.4 Features of VANETs . . . . . . . . . . . . . . . . . . . . . . . 16
2.2.5 Heterogeneous Vehicular Ad-hoc Networks (HetVANETs) . . . 17
2.2.6 Challenges of Heterogeneous Vehicular Ad-hoc Networks (Het-
VANETs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
2.3 Background and related work on 5G-Driven VANET Architectures . . 25
2.3.1 5G-Driven Technologies . . . . . . . . . . . . . . . . . . . . . 25
2.3.2 Cloud Radio Access Network (C-RAN) . . . . . . . . . . . . . 29
2.3.3 Network Function Virtualization(NFV) . . . . . . . . . . . . . 36
2.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
3 5G Next generation VANETs using SDN and Fog Computing Frame-
work 40
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
3.2 Background and Related Work . . . . . . . . . . . . . . . . . . . . . . 41
3.3 5G next generation VANET Architecture . . . . . . . . . . . . . . . . 43
3.3.1 Topology Structure of Fog Computing (FC) Framework, C-
RAN and the SDN controller: . . . . . . . . . . . . . . . . . . 43
3.3.2 Logical Structure of proposed 5G next generation VANET ar-
chitecture: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
3.4 Simulation Methodology . . . . . . . . . . . . . . . . . . . . . . . . . 48
3.5 Comparison of Throughput, Transmission delay and Control overhead
on controllers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
3.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
4 An Evolutionary Game Theoretic (EGT) Approach for Stable and
Optimized Clustering in VANETs 54
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
4.2 Background and Related Work . . . . . . . . . . . . . . . . . . . . . . 55
4.2.1 VANET Clustering Protocols . . . . . . . . . . . . . . . . . . 57
4.2.2 Game Theory: . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
4.3 Proposed EGT framework . . . . . . . . . . . . . . . . . . . . . . . . 64
4.3.1 Proposed EGT Framework . . . . . . . . . . . . . . . . . . . . 64
4.4 System Model and Stability analysis . . . . . . . . . . . . . . . . . . 69
4.4.1 System Model . . . . . . . . . . . . . . . . . . . . . . . . . . 69
4.4.2 Solution Approach: . . . . . . . . . . . . . . . . . . . . . . . . 69
4.4.3 Replicator Dynamics and Stability of evolutionary equilibrium 70
4.4.4 Complexity Analysis . . . . . . . . . . . . . . . . . . . . . . . 76
4.5 Simulation set up scenarios and results . . . . . . . . . . . . . . . . . 77
4.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
5 A Hybrid-Fuzzy Logic Guided Genetic Algorithm (H-FLGA) Ap-
proach for Resource Optimization in 5G VANETs 88
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
5.2 Background and Related Work . . . . . . . . . . . . . . . . . . . . . . 90
5.3 Challenges and Key enabler Technologies for 5G Driven VANETs . . 91
5.4 Resource Optimization in 5G Driven VANETS . . . . . . . . . . . . . 95
5.4.1 Minimise the number of FC-BBUCs (Min-BBUC) . . . . . . . 96
5.4.2 Minimize Delay (Min-Delay) . . . . . . . . . . . . . . . . . . 97
5.4.3 Capacity Load Balance(Cap-LB)) . . . . . . . . . . . . . . . 98
5.4.4 Number of FC-ZCs per BBUC Balance Algorithm (FC-ZC-
per-BBUC-Bal) . . . . . . . . . . . . . . . . . . . . . . . . . . 98
5.4.5 Constant Traffic Load (CTL) . . . . . . . . . . . . . . . . . . 101
5.4.6 Multi-Objective Optimization . . . . . . . . . . . . . . . . . . 103
5.5 Hybrid-Fuzzy Logic guided Genetic Algorithm (H-FLGA) . . . . . . . 105
5.6 Simulation Results and Discussions . . . . . . . . . . . . . . . . . . . 109
5.7 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
6 An End-to-End (E2E) Network Slicing Framework for 5G Vehic-
ular Ad-hoc Networks 119
6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
6.2 Background and Related Work . . . . . . . . . . . . . . . . . . . . . . 120
6.2.1 Network Slicing in 5G Architecture . . . . . . . . . . . . . . . 122
6.3 End-to-End Network Slicing framework in 5G-driven VANETs . . . . 124
6.3.1 Hierarchy/levels of slicing for proposed E2E slicing framework: 124
6.3.2 Edge Cloud (EC) and CN Cloud: . . . . . . . . . . . . . . . . 126
6.4 Problem Formulation . . . . . . . . . . . . . . . . . . . . . . . . . . . 128
6.4.1 Objective function . . . . . . . . . . . . . . . . . . . . . . . . 132
6.5 Simulation results and Discussions . . . . . . . . . . . . . . . . . . . . 133
6.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140
7 Conclusion and Future Directions 141
7.1 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141
7.1.1 Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . 142
7.1.2 5G Next generation VANETs using SDN and Fog Computing
Framework . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143
7.1.3 An Evolutionary Game Theoretic Approach for Stable and
Optimized Clustering in VANETs . . . . . . . . . . . . . . . . 143
7.1.4 A Hybrid-Fuzzy Logic Guided Genetic Algorithm (H-FLGA)
Approach for Resource Optimization in 5G VANETs . . . . . 144
7.1.5 An End-to-End (E2E) Network Slicing Framework for 5G Ve-
hicular Ad-hoc Networks . . . . . . . . . . . . . . . . . . . . . 144




1.1 Optimized Communication in VANETs . . . . . . . . . . . . . . . . . 1
1.2 Scope of Thesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.1 Vehicular Communication Infrastructure in the ITS systems [1] . . . 15
2.2 Evolution of mobile networks [2] . . . . . . . . . . . . . . . . . . . . . 19
2.3 SD-IoV Architecture [3] . . . . . . . . . . . . . . . . . . . . . . . . . 26
2.4 How will the network look like with SDN [4] . . . . . . . . . . . . . . 27
2.5 Centralized Control Plane . . . . . . . . . . . . . . . . . . . . . . . . 27
2.6 Traditional Networks Vs Software Defined Networks [4] . . . . . . . . 29
2.7 Cloud RAN Infrastructure [5] . . . . . . . . . . . . . . . . . . . . . . 31
2.8 Traditional cellular architecture [6] . . . . . . . . . . . . . . . . . . . 32
2.9 Base Station with RRH [6] . . . . . . . . . . . . . . . . . . . . . . . . 33
2.10 Cloud RAN with RRH [6] . . . . . . . . . . . . . . . . . . . . . . . . 34
2.11 Cloud RAN architecture for mobile networks [6] . . . . . . . . . . . . 35
2.12 FV Infrastructure [7] . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
2.13 Architecture showing integration of NFV, SDR and SDN [2] . . . . . 38
3.1 Topology Structure of 5G next generation VANETs using SDN and
Fog Computing (FC) Framework . . . . . . . . . . . . . . . . . . . . 44
3.2 Hierarchy of SDN controller, Cloud-RAN and Fog computing framework 46
3.3 Logical Structure of proposed 5G next generation VANETs . . . . . . 47
3.4 Throughput Comparison . . . . . . . . . . . . . . . . . . . . . . . . . 51
3.5 Comparison of Throughput using average and adaptive bandwidth
allocation schemes . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
3.6 Delay Comparison . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
3.7 Comparison of Control overhead on controller . . . . . . . . . . . . . 53
vii
4.1 Proposed EGT Framework . . . . . . . . . . . . . . . . . . . . . . . 58
4.2 Flow Chart of Proposed EGT . . . . . . . . . . . . . . . . . . . . . . 68
4.3 An illustraion of equilibirum point ne . . . . . . . . . . . . . . . . . 72
4.4 Equilibrium point for Population share ni/N . . . . . . . . . . . . . . 73
4.5 Boundary of equilibrium in the region of ni = ne±δ for all 0 ≤ ni ≤ 1
where δ  1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74
4.6 Stability of equilibrium point for n1/N within n1 = ne ± δ . . . . . . 76
4.7 Simulation snapshots using Static Scenarios . . . . . . . . . . . . . . 77
4.8 Simulation snapshots using Manhattan Grid Mobility . . . . . . . . . 78
4.9 Stability convegence of System with 15 clusters in static scenario . . . 80
4.10 Stability convergence of System with 15 clusters using Manhattan
grid mobility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
4.11 Comparison of Switching rate of Proposed EGT with ALM [8] . . . . 81
4.12 Comparison of Average switching rate of proposed EGT with ALM [8] 81
4.13 Throughput maximization for static scenario and Manhattan grid . . 82
4.14 Optimum no. of clusters for static scenario and Manhattan grid . . . 82
4.15 Comparison of Throughput maximization at different speeds for N=100 83
4.16 Comparison of Throughput maximization at different speeds for N=200 83
4.17 Complexity Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . 84
4.18 Scalibility anaylysis for thorughput maximization at different popu-
lation sizes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
4.19 Throughput Vs Speed . . . . . . . . . . . . . . . . . . . . . . . . . . 85
5.1 Minimize number of BBUC pools . . . . . . . . . . . . . . . . . . . . 96
5.2 Minimize Delay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
5.3 Capacity Load Balance . . . . . . . . . . . . . . . . . . . . . . . . . . 99
5.4 Number of FC-ZC per BBUC Balance . . . . . . . . . . . . . . . . . 99
5.5 Constant traffic load per BBUC . . . . . . . . . . . . . . . . . . . . 102
5.6 Flow Chart of Hybrid-Fuzzy Logic Guided Genetic Algorithm (H-
FLGA) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
5.7 Variation of multi-objective function value for different numbers of
generations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
5.8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
5.9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
5.10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
5.11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
5.12 Multi objective Optimization using Optimized weights . . . . . . . . 116
5.13 End-to-End Delay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117
6.1 An End-to-End (E2E) Network Slicing Framework for 5G-driven VANETs125
6.2 E2E mission critical slicing including CN and RAN in 5G-VANETs . 126
6.3 E2E Network Slicing Between EC and CN Cloud . . . . . . . . . . . 129
6.4 Mission Critical Resource Block . . . . . . . . . . . . . . . . . . . . . 130
6.5 Program Flow Chart of Proposed E2E slicing Scheme . . . . . . . . . 131
6.6 Optimum Utilization of resource for Mission Critical slice . . . . . . . 134
6.7 Optimum Utilization of resource for non-Critical slice . . . . . . . . . 135
6.8 Combined resource utilization for both Critical and non-Critical slices 135
6.9 Optimization summary as output from MATLAB . . . . . . . . . . . 136
6.10 Optimization using GA . . . . . . . . . . . . . . . . . . . . . . . . . . 137
6.11 Optimized Front-haul distances of RRHs with BBUCs using equation
6.3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138
6.12 Optmized Front-haul connections of RRHs with BBUCs using equa-
tion 6.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
6.13 Comparison of E2E Latency of proposed scheme with 5G VANET
architecture [9] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139
ix
List of Tables
2.1 Comparison of high speed Wireless Communication Technologies for
Vehicular Networks [1] . . . . . . . . . . . . . . . . . . . . . . . . . . 22
3.1 Requirements of Proposed architecture . . . . . . . . . . . . . . . . . 49
3.2 Simulation parameters . . . . . . . . . . . . . . . . . . . . . . . . . . 50
4.1 Basic components of proposed EGT with respect to VANET clustering 65
4.2 List of parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
4.3 Network configuration parameters in static scenarios and mobility
using Manhattan grid . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
5.1 Possible Type of Service (ToS) Values . . . . . . . . . . . . . . . . . 106
5.2 Type of Service (ToS) Vs. Priority ω for Fuzzy Inference System . . 106
5.3 Simulation Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . 117
x
List of Algorithms
1 : H-FLGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
xi
List of Abbreviations
VANETs Vehicular Ad-hoc Networks
VCNs Vehicular Communication Networks
VCI Vehicular Communication Infrastructure
HetVANETs Heterogeneous Vehicular Ad-hoc Networks
5G Fifth generation
IoT Internet of-Things
SD-IoV Software Defined Internet of Vehicles
ITS Intelligent Transportation Systems
V2V Vehicle to Vehicle
V2I Vehicle to Infrastructure
RSU Road Side Units




LTE-A Long Term Evolution Advanced
EGT Evolutionary Game Theory
SDN Software Defined Networking
NFV Network Function Virtualization
C-RAN Cloud-Radio Access Network
MEC Mobile Edge Computing
BBU Base Band Unit
RRH Remote Radio Head




FC-ZCs Fog Computing-Zone Controllers
FC-CHs Fog Computing-Cluster-heads
FC-Vehicles Fog Computing-Vehicles






eNB Evolved node B
GA Genetic Algorithm
Min-BBUC Minimise number of FC-BBUCs
Cap-LB Capacity Load Balance
Min-Delay Minimize Delay
FC-ZC-per-BBUC-Bal FC-ZCs per BBUC Balance Algorithm
CTL Constant Traffic Load
H-FLGA Hybrid-Fuzzy Logic guided Genetic Algorithm
FIS Fuzzy Inference System
ToS Type of Service
EC Edge Cloud
CN Core Network Cloud
KPIs key performance Indicators
List of Parameters
G = 〈N,H, S, uCh〉 EGT game
S = {Ch,M} Strategy set for vehicular nodes
si Current strategy of node i
N = {1, 2, ...., n} Set of vehicular nodes
H = {1, 2, ......, j} with j ⊂ N Set of clusters
uCh net utility of a cluster head
pi(si) Cost function
TTC Total throughput of cluster
c1 link capacity between the cluster head and the RSU
cj, j ⊂ N link capacity between a member j within the cluster and CH
dH distance between the cluster head and the RSU
dM,j distance between a member j from the cluster head
γ Speed to convergence
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Abstract
Next generation Vehicular Ad-hoc Networks will be dominated by heterogeneous
data and additional massive diffusion of Internet of Things (IoT) traffic. To meet
these objectives, a radical rethink of current VANET architecture is essentially re-
quired by turning it into a more flexible and programmable fabric.
This research endeavours to provide next generation 5G-driven VANET architec-
ture, with solutions for efficient and optimized communication.
This thesis first introduces an innovative 5G-driven VANET architecture to pro-
vide flexible network management, control and high resource utilization, leveraging
the concepts of SDN, C-RAN and Fog Computing. A new Fog Computing (FC)
framework (comprising of zones and clusters) is proposed at the edge of the network
to support vehicles and end users with prompt responses, and to avoid frequent
handovers between vehicles and RSUs. The key results are improved throughput,
reduced transmission delay and minimized control overhead on the controller.
Furthermore, a novel Evolutionary Game Theoretic (EGT) framework is presented
to achieve stable and optimized clustering in the Fog Computing Framework. The
solution of the game is presented to be an evolutionary equilibrium. The equilibrium
point is also proven analytically and the existence of an evolutionary equilibrium
is also verified using the Lyapunov function. The results are analysed for different
number of clusters for different populations and speeds. An optimal cost is suggested
that defines an optimum clustering thus reducing an overhead of frequent cluster
reformation.
xvi
In addition, this thesis provides a Hybrid-Fuzzy Logic guided Genetic Algorithm
(H-FLGA) approach for the SDN controller, to support diversified quality of service
(QoS) demands and dynamic resource requirements of mobile users in 5G-driven
VANET architecture. The proposed Fuzzy Inference System (FIS) is used to opti-
mize weights of multi-objectives, depending on the Type of Service (ToS) require-
ments of customers. The results proved that the proposed hybrid H-FLGA performs
better than GA. The results improve spectral efficiency and optimizes connections
while minimizing E2E delay and further facilitates the service providers to imple-
ment a more flexible customer-centric network infrastructure.
Furthermore, an end-to-end (E2E) network slicing framework is proposed to sup-
port customized services by managing the cooperation of both the RAN and Core
Network (CN), using SDN, NFV and Edge Computing technologies. A dynamic
radio resource slice optimization scheme is proposed to slice the overall bandwidth
resources for mission critical and non-mission critical demands. The results meet
ultra reliability and E2E latency of mission-critical services.
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